Using a self-paced reading task, the present study explores how Dutch-English L2 speakers parse English wh-subject-extractions and wh-object-extractions.
Introduction
While there is a longer tradition in psycholinguistics of examining how second language (L2) speakers access words in each of their languages (see Dijkstra 2005; Kroll and Tokowicz 2005 , for recent reviews), more recently researchers have begun to investigate how L2 speakers process lexical and morphosyntactic information during the on-line comprehension of L1 and L2 sentences (see Clahsen and Felser 2006; van Hell and Tokowicz 2010 , for recent reviews). Much of this research has focused on whether L2 speakers apply potentially universal strategies to the parsing of L2 sentences and whether such strategies parallel those used by native speakers (e.g., Felser et al. 2003; Havik et al. 2009; Juffs 2005; Marinis et al. 2005; Williams 2006) . At their core, many of these studies ask whether L2 speakers can ever achieve native-like abilities in the L2, or if there are inherent constraints in adult L2 acquisition.
To date, a majority of L2 sentence processing research has focused on highly proficient L2 speakers immersed in an L2 environment at the time of testing. Studies that have investigated on-line processing among less-proficient L2 populations, especially those whose exposure to the target language has been largely through classroom-based instruction, have looked primarily at learners' sensitivity to particular L2 grammatical information (e.g., Keating 2009; Osterhout et al. 2006; Tokowicz and MacWhinney 2005) , as opposed to examining their on-line parsing preferences or how they build the grammatical structure of a sentence in real time (but see Frenck-Mestre 1997; Dekydtspotter et al. 2008; Jackson 2008 , for exceptions to this trend). However, to build adequate models of how L2 speakers process L2 input, L2 proficiency is an important variable to consider. The present study addresses this issue by investigating how both highly-proficient and intermediate Dutch-English L2 speakers process English wh-questions, while also testing English native speakers to provide a baseline for comparison.
Proficiency and L2 on-line processing
While a growing body of research has investigated on-line processing among highly-proficient L2 speakers, fewer studies have explored how less-proficient L2 speakers piece together the meaning and structure of a sentence in real time. In one study that has focused on less-proficient L2 speakers, FrenckMestre (1997) compared English-French and Spanish-French L2 speakers who had been living in France for nine months at the time of testing, investigating how they processed temporarily ambiguous sentences, like (1), in their L2 French. Frenck-Mestre found that it was easier for English-French L2 speakers to interpret sentences in which subject-verb agreement information in the relative clause forced one to interpret the relative clause as providing additional information about the second noun of the complex noun phrase (i.e., la gardienne 'the nanny'), often referred to as low attachment. This pattern parallels a preference for low attachment previously found among monolingual English speakers (e.g., Frazier and Clifton 1996) . In contrast, both Spanish-French L2 speakers and French native speakers found it easier to interpret the relative clause as describing the first noun of the complex noun phrase (i.e., les filles 'the girls'), often referred to as high attachment. This pattern parallels a preference for high attachment previously found among native speakers of both French and Spanish (e.g., Cuetos and Mitchell 1988; Zagar et al. 1997) . Given that the reading patterns for the L2 groups differed from each other in their L2 French, but mirrored each group's respective L1 preferences, Frenck-Mestre argued that at least at lower proficiency levels, L2 speakers may transfer on-line processing preferences from their L1 when reading L2 sentences. Interestingly, in a later study, Frenck-Mestre (2002) reported that English-French and Spanish-French L2 speakers who had been living in France for five years at the time of testing exhibited a native-like French preference for high attachment, suggesting that with increased proficiency, L2 speakers can exhibit L2 on-line processing preferences that parallel those of native speakers. Hopp (2006) also found that L2 proficiency played a critical role in L2 speakers' reading time patterns when processing subject-and object-first sentences in the L2 German. (Hopp 2006: 378) Near-native English-and Dutch-German L2 speakers took longer to read objectfirst sentences, like (2), than subject-first sentences, like (3), immediately at the disambiguating noun phrase (underlined above), similar to German native speakers. However, advanced -but not near-native -English-and DutchGerman L2 speakers only exhibited longer reading times on object-first sentences compared to subject-first sentences at the final word in the sentence (e.g., hat 'has'), suggesting that the advanced L2 speakers were not able to process disambiguating case-marking information immediately at the disambiguating region. However, similar to Frenck-Mestre's studies (1997, 2002) , even the less-proficient L2 speakers in Hopp's study were living in an L2-dominant environment at the time of testing and were, arguably, more proficient than L2 speakers whose exposure to the L2 has occurred primarily in a foreign language classroom. Thus, these studies still leave open the question of how classroom-based learners process L2 sentences in real time.
More recently, Dekydtspotter et al. (2008) conducted a study that focused precisely on classroom-based learners, examining whether English-French L2 speakers in their second or forth semesters of L2 learning showed on-line relative clause attachment preferences in their L2 French. Participants completed a self-paced reading task in which the preferred attachment site for the relative clause was biased towards either the first noun (i.e., high attachment) or the second noun (i.e., low attachment) via contextual information presented prior to the target sentence. Dekydtspotter et al. reported that the L2 speakers took longer to read the verb in the relative clause in sentences in which contextual information forced participants to attach the relative clause to the first noun than in sentences in which contextual information supported a low attachment interpretation. Dekydtspotter et al. emphasized that their findings demonstrate that even less-proficient L2 speakers have recourse to syntactic information during on-line processing. Specifically, had the L2 speakers relied exclusively on contextual information to interpret the target sentences, there should have been no increase in reading times on the conditions in which the biasing contextual information forced participants to compute a dispreferred syntactic structure, as was the case in high-attachment sentences. Instead, even the second-semester L2 speakers exhibited longer reading times at the relative clause verb for high-attachment contexts relative to low-attachment contexts. Thus, even at lower proficiency levels, Dekydtspotter et al. argue that L2 speakers are sensitive to structural constraints during L2 on-line processing, leading to increased processing costs when the required syntactic structure of a sentence imposes a greater processing load. Such findings are particularly relevant as L2 processing research debates the extent to which L2 speakers are able, or unable, to construct a detailed syntactic representation of a sentence in real time (see Clahsen and Felser 2006) .
At the same time, the target sentences employed by Dekydtspotter et al. (2008) were not disambiguated via morphosyntactic information in the target sentence itself (e.g., subject-verb agreement), rather via pragmatic biases in the context presented prior to the target sentence. Therefore, it is possible that unintended confounds in the preceding context, such as the number of times a particular referent was mentioned, may have influenced the overall plausibility of the preceding context in the first place, leading to reading time differences on the final target sentence independent of the high-vs. low-attachment manipulation. This possibility is supported by the fact that both the second and the fourth semester participants responded at close to chance levels to an accompanying question that asked whether the target sentence was an acceptable continuation of the biasing context, regardless of whether the context was supposed to bias one towards a high-or low-attachment interpretation. Thus, additional work is needed to substantiate Dekydtspotter et al.'s claim that even less-proficient L2 speakers exhibit immediate sensitivity to structural information during real time language processing in their L2.
L2 processing of filler-gap constructions
Related to the debate surrounding L2 speakers' ability to use structurally-based parsing strategies in real time, several studies have examined how L1 and L2 speakers process so-called filler-gap constructions, such as Who did the boy believe he saw on the playground?. Although different theories exist regarding the exact nature of how the human parsing mechanism deals with such constructions, converging cross-linguistic evidence suggests that both monolingual and highly-proficient L2 speakers will attempt to integrate an initial wh-phrase into the sentence as soon as possible (Dussias and Piñar 2010; Jackson and Dussias 2009; Juffs and Harrington 1995; Williams 2006; Williams et al. 2001 ; for various theoretical accounts for this phenomenon see Carlson and Tanenhaus 1988; De Vincenzi 2000; Fodor 1993; Frazier 1987; Gibson 1998; Pritchett 1992) . For example, Juffs and Harrington (1995) and Dussias and Piñar (2010) found that Chinese-English L2 speakers exhibited longer reading times at the complement clause (i.e., killed the pedestrian) on subject-extractions, like (4), compared to object-extractions, like (5).
(4)
Who did the police know killed the pedestrian? (subject-extraction)
Who did the police know the pedestrian killed? (object-extraction) (Dussias and Piñar 2010) Juffs and Harrington, as well as Dussias and Piñar, proposed that both native and L2 participants used a gap-filling parsing strategy in which they attempted to integrate the initial wh-phrase, who, into the first clause upon reading the verb know (i.e., Who did the police know), thereby initially assigning the thematic role of direct object to who. When participants subsequently read the complement clause (underlined in examples (4) and (5)), this initial role assignment became untenable in subject-extractions, leading to increased processing costs for subject-extractions relative to object-extractions. Dussias and Piñar also found a similar processing asymmetry at the complement clause among English native speakers. In contrast, Juffs and Harrington found no parallel processing asymmetry in the English native speakers in their study, leading them to argue that although highly-proficient L2 speakers and English native speakers may process such wh-questions in a similar manner, this may not always lead to measurable signs of on-line reanalysis among native speakers as compared to L2 speakers of English.
While not testing this specific type of wh-question, there is additional evidence from the monolingual sentence processing literature to suggest that reanalysis during the on-line processing of filler-gap constructions need not always be costly. For instance, Kaan (1997) and Bader and Meng (1999) have reported that native speakers of Dutch and German exhibit fewer processing difficulties when reading temporarily ambiguous wh-questions compared to other types of filler-gap constructions, like relative clauses. 2 Dussias and Piñar (2010) also reported that English native speakers and high-working memory Chinese-English L2 speakers had greater difficulty processing subject-whextractions relative to object-wh-extractions, even in conditions in which the initial wh-phrase was implausible as the direct object of the main verb (e.g., Who do you think . . . ). Thus, it is unlikely that the processing asymmetries reported by Juffs and Harrington and Dussias and Piñar can be attributed solely to difficulties in assigning or re-assigning thematic roles between subject-and object-extractions in their target sentences.
In a follow-up study, Juffs (2005) also reported processing costs for subjectextractions relative to object-extractions for Spanish-and Japanese-English L2 speakers, replicating other findings with L2 speakers. 3 However, in the same 2. Kaan (1997) and Bader and Meng (1999) also found that for both wh-questions and relative clauses, German and Dutch native speakers actually exhibit greater processing difficulties on object-first sentences than subject-first sentences (see also Frazier 1987; Frazier and Flores d' Arcais 1989) . A similar subject-first preference has been reported for subject-vs. objectrelative clauses in English (e.g., Traxler et al. 2002) . This broader subject-first preference is the exact opposite of the processing asymmetry reported by Dussias and Piñar (2010) and Juffs and Harrington (1995) for subject-vs. object-wh-extractions in English. This provides additional evidence that how native and L2 speakers process English subject vs. object-whextractions may differ from other types of filler-gap constructions (but see Lee 2010 for counterevidence). 3. Juffs (2005) did not make any statistical comparisons between subject-and object-extractions for the English native speakers. Thus, it is unknown whether the English native speakers in his study exhibited increased processing costs on subject-extractions relative to objectextractions.
study he found no increase in reading times for L2 speakers when they read subject-extractions out of nonfinite clauses, such as (6).
(6) Who does the boss expect to meet the customers next Monday? (subject-extraction; nonfinite clause) (7) Who does the boss expect the customers to meet next Monday? (object-extraction; nonfinite clause) (Juffs 2005: 129) This led Juffs to hypothesize that the difficulty with subject-extractions out of finite clauses, like (4), may not stem from the difficulty of reassigning thematic roles to the initial wh-phrase but rather that such difficulties lie with processing two adjacent finite verbs. In subject-extractions out of finite clauses, the main verb is immediately followed by the verb of the complement clause, leading to longer reading times for subject-extractions out of finite clauses at the complement clause relative to either subject-or object-extractions out of nonfinite clauses, like (6) and (7), or object-extractions out of finite clauses, like (5). In spite of positing different explanations for the costs associated with processing subject-extractions in English, results from all three studies -Juffs and Harrington (1995), Dussias and Piñar (2010) and Juffs (2005) -suggest that L2 speakers adopt some sort of gap-filling strategy when processing wh-questions in the L2, regardless of their L1 background (see also Williams 2006; Williams et al. 2001) .
However, Clahsen and Felser (2006) have correctly pointed out that the filler-gap position coincided with the main verb in the wh-questions used in the English wh-question studies summarized here (Dussias and Piñar 2010; Juffs 2005; Juffs and Harrington 1995; see also Williams 2006; Williams et al. 2001) . Therefore, it is difficult to determine whether the processing difficulties encountered by the L2 participants in these studies stemmed from difficulties integrating the wh-phrase with its subcategorizing verb or whether the L2 participants actually employed a structure-based gap-filling strategy.
Further, other studies, such as Marinis et al. (2005) and Roberts and Felser (2007) , have shown that L2 speakers may not pose an intermediate gap (indicated by dashes below) when reading long distance wh-extractions that extend over clause boundaries, like The nurse who the doctor argued -that the rude patient had angered -is refusing to work late. Specifically, reading times were longer for both English native speakers and L2 English speakers at had angered relative to non-extraction control sentences, consistent with increased processing costs at the point one must integrate a wh-phrase with its subcategorizing verb. However, this difficulty was reduced in sentences containing an intermediate landing site for the wh-phrase (e.g., at argued) for English native speakers, but there was no corresponding reduction in reading times among the L2 speakers in such conditions. Such findings led Clahsen and Felser (2006) to suggest that grammatical processing among L2 speakers may be shallower and involve less detailed syntactic representations compared to that of native speakers (but see Dekydtspotter et al. 2006 for counterarguments).
To conclude, it remains unresolved whether highly proficient L2 speakers employ a structure-based or verb-driven gap filling strategy during on-line L2 processing. 4 However, there is converging evidence that at the very least, highly-proficient L2 speakers search for a landing site for an initial wh-phrase when processing wh-questions in their L2 and may exhibit processing difficulties at the point they must integrate a wh-phrase with its subcategorizing verb (Dussias and Piñar 2010; Felser and Roberts 2007; Jackson and Dussias 2009; Juffs 2005; Juffs and Harrington 1995; Marinis et al. 2005; Williams 2006; Williams et al. 2001 ). Up to now, however, the studies that have investigated how L1 and L2 speakers process wh-questions in English have tested highlyproficient L2 speakers living in an English immersion environment. Whether less-proficient L2 speakers of English -in particular those who have learned English primarily in a classroom setting -will also exhibit similar difficulties when reading L2 sentences remains an open question. Given the number of L1 and L2 sentence processing studies that have attempted to account for how native and L2 speakers parse wh-questions in English, this is an important question to consider, especially in view of other recent findings suggesting that even less-proficient L2 speakers may have recourse to structurally-based information when reading L2 sentences (e.g., Dekydtspotter et al. 2008 ).
Method

Participants
Thirty three advanced Dutch-English L2 speakers (ages: 18-34) were recruited from a large Dutch university and the surrounding community. Twenty five intermediate Dutch-English L2 speakers (ages: 15-17) were recruited from high schools in the same area. In accordance with the Dutch school system, all participants began learning English in 5th grade (age: 10-11). Basic L2 proficiency information for the Dutch-English L2 speakers is presented in Table 1 .
As a preliminary indication of L2 proficiency, participants were asked to self-rate their L2 English proficiency on a 7-point scale (1 = do not speak the language, 7 = same as native language). T-tests compared the two L2 speakers' 
064).
However, self-ratings are not necessarily a reliable measure of L2 proficiency because participants may under-or overestimate their actual proficiency in the language. Therefore, participants also completed the Llex English lexical decision task (Meara 1994) as an objective measure of L2 English proficiency. This task is a standardized lexical decision task containing real English words and pronounceable English pseudowords and participants must decide which letter strings are real English words. This test, or variations of this test, have been used as an independent measure of L2 proficiency in a number of previous L2 studies (e.g., Harley and Hart 1997; Hermans et al. 1998; Mady 2007; von Studnitz and Green 2002) . While this test only explicitly tests L2 lexical knowledge, results from this task have also been shown to correlate with listening and reading comprehension in English (e.g., Harley and Hart 1997) and overall L2 English proficiency (Meara and Buxton 1987) . The difference in mean scores on this lexical decision task between the intermediate and advanced L2 participants was significant (t(56) = 6.62, p < .001), further supporting the characterization of these two groups of L2 speakers as distinct with regard to their L2 proficiency.
Additionally, 24 English native speakers were recruited from a large public university in the United States (ages: 18-25). While the English native speaker participants reported some exposure to a foreign language, none considered themselves fluent in anything other than English and none had spent any time immersed in an L2 environment.
Materials
The experiment consisted of 16 target stimuli and 64 filler items. The target stimuli were wh-questions in which the initial wh-phrase was either the subject or direct object of the complement clause, as in examples (8) and (9). (8) Who do you think met the tourists in front of the museum? (subjectextraction) (9) Who do you think the tourists met in front of the museum? (objectextraction)
Whether the initial wh-phrase was the subject or the direct object of the complement clause was disambiguated via word order in the critical region (underlined above). Each target sentence also included a prepositional phrase after the critical region, so that the critical region did not coincide with the end of the sentence. In the initial clause (e.g, Who do you think . . . ), we relied on three main verbs, namely think, say, and suspect. These three verbs were chosen from the larger set of verbs used by Dussias and Piñar (2010) , as well as Juffs and Harrington (1995) , and were chosen because they are all licit verbs for similar constructions in Dutch. 5 With regard to the initial wh-phrase, although English still makes the distinction between who and whom, with who indicating the grammatical subject of a clause and whom indicating the direct object, whether English native speakers are sensitive to this distinction in either production or comprehension is open to debate (Aarts 1994) . Furthermore, Dussias and Piñar (2010) found no difference in grammaticality judgment accuracy for similar subject-and object-extractions among either English native speakers or Chinese-English L2 speakers (see also Juffs 2005; Juffs and Harrington 1995) , suggesting that neither group made a distinction between who and whom when judging the target sentences. Therefore, similar to these previous studies, we used who as the initial wh-phrase across experimental conditions, regardless of whether who ultimately was disambiguated as the subject or the direct object of the complement clause.
5. Pilot testing revealed that, contrary to findings reported by Dussias and Piñar (2010) , using a wider range of main clause verbs and explicitly manipulating whether the initial wh-phrase who was a plausible direct object of the main verb (e.g. To ensure that the target items were not biased towards a subject-or objectinterpretation based on semantic information, 16 English native speakers and 16 advanced Dutch-English L2 speakers from the same university populations as the main experiment rated the plausibility of the target sentences on a 4-point scale, with 1 being "very plausible" and 4 being "very implausible". None of these participants participated in any other portion of the experiment. Among the English native speakers, the average plausibility rating for subject-extractions was 1.72 and the average plausibility rating for object-extractions was 1.79, a difference that was not statistically significant (t(15) = .69, p = .504), suggesting that they considered both sentence types equally plausible. The mean ratings from the Dutch-English L2 speakers were lower overall compared to the English native speakers (subject-extractions: M = 2.59; object-extractions: M = 2.48), indicating that they found the sentences less plausible overall than the English native speakers. However, there was no significant difference in their ratings for subject-extractions compared to object-extractions (t(15) = .77, p = .451). As a final precaution against potential bias effects, any sentence pair in which the mean ratings from either the English native speakers or the Dutch-English L2 speakers differed by more than 0.5 between the subject-and object-extraction conditions were modified and judged as being equally plausible across both conditions by an additional set of English native speakers.
In addition to the 16 target sentences, participants read 24 grammatical filler items and 40 ungrammatical filler items. These 64 filler items included additional grammatical and ungrammatical wh-questions, as well as grammatical and ungrammatical items that were designed to compare and contrast core features of Dutch and English grammar, such as word order differences (see Appendix for sample filler items). Thus, over the entire experiment there were an equal number of grammatical and ungrammatical sentences. The 16 target stimuli were divided into two lists, so that participants read 8 subjectextractions and 8 object-extractions, but they did not read more than one version of each target sentence. These 16 target stimuli were presented in a semirandomized order along with the 24 grammatical filler items and the 40 ungrammatical filler items.
Procedure
Participants completed the task individually in a quiet room. The target and filler items were presented using the non-cumulative self-paced-reading paradigm (Just et al. 1982 ) via E-Prime experimental software (Schneider et al. 2002) . Prior to beginning the experiment, participants were told that for each sentence they would see a row of dashes on the computer screen that repre-sented each word in the sentence. Each time they pressed the space bar, the next word in the sentence would appear and the previous word would disappear. Before they began each sentence, the word READY appeared on the computer screen to indicate that participants should prepare themselves for the next sentence. After they pressed the space bar, this word disappeared and the first word of the sentence appeared.
Similar to previous studies examining this type of wh-question, when participants finished reading each sentence, a prompt appeared on the screen that asked them to judge whether the sentence they had just read was grammatical or ungrammatical. They responded by pressing Y for "yes" and N for "no" on a button box. It was decided to rely on grammaticality judgments rather than explicitly testing participants' comprehension of the target sentences to maximize the similarity between the present study and previous L2 sentence processing studies that have examined this particular syntactic structure (Dussias and Piñar 2010; Jackson and Dussias 2009; Juffs 2005; Juffs and Harrington 1995) . Prior to beginning the experiment, participants were told orally that they should judge each sentence based on how it sounded, and that they should not rely on prescriptive grammar rules. However, no specific examples were given, so as not to bias participants. The participants completed 10 practice items at the beginning of the experiment to familiarize them with the self-paced reading format.
Results
Judgment Accuracy
Overall accuracy judgment rates for the target and filler items are presented in Table 2 . A repeated-measures ANOVA was conducted comparing participants' judgment accuracy on the target stimuli, treating Extraction Type (subjectextraction vs. object-extraction) as a within-participants variable and Group (intermediate L2 speakers vs. advanced L2 speakers vs. English native speakers) as a between-participants variable in the participants analysis and a withinparticipant variable in the items analysis. This ANOVA revealed a main effect for Group (F1(2, 79) 
074).
In addition to the analysis of the target stimuli, two one-way ANOVAs were conducted comparing the judgment accuracy for the grammatical filler items and the ungrammatical filler items across the three participant groups. The results of each ANOVA revealed a significant effect for Group (grammatical filler items: F(2, 79) = 26.35, p < .001; ungrammatical filler items: F(2, 79) = 25.74, p < .001). 6 As with the results from the target stimuli, the intermediate L2 speakers' judgment accuracy on both the grammatical and ungrammatical filler items was significantly lower than the advanced L2 speakers' and the English native speakers' judgment accuracy (intermediate vs. advancedgrammatical: t(56) = 5.52, p < .001, ungrammatical: t(56) = 5.22, p < .001; intermediate vs. native speaker -grammatical: t(47) = 6.19, p < .001, ungrammatical: t(47) = 6.37, p < .001) but there were no significant differences in judgment accuracy for either the grammatical or ungrammatical filler items between the advanced L2 speakers and the English native speakers (grammatical: t(55) = .703, p = .485; ungrammatical: t(55) = 1.33, p = .188).
Taken together, these results underscore the high level of English proficiency among the advanced L2 speakers, as their judgment accuracy did not differ significantly from the English native speakers on either the experimental or the filler items. At the same time, all participants from all three groups correctly judged at least 60 % of the target stimuli as accurate, and even the intermediate L2 speakers' mean judgment accuracy rates on the target sentences were similar to the grammaticality judgment accuracy rates for the L2 speakers reported by Juffs and Harrington (1995) , Juffs (2005) and Dussias and Piñar (2010) . This indicates that regardless of proficiency level, the participants understood the nature of the task and demonstrated a minimum level of grammatical awareness regarding the target wh-questions.
Reading times
Because subject-and object-extractions are disambiguated by word order in English, the critical region for the reading time analyses was defined as the verb and noun phrase in the complement clause (e.g., met the tourists). Reading times on these three words were averaged to obtain the reading time for the critical region (as in Dussias and Piñar 2010) . The subsequent word was also analyzed to capture any potential spillover effects from processing the critical region. As is common in psycholinguistic literature, only results from items correctly judged as grammatical were included in the reading time analyses. Excluding data from incorrect responses resulted in the exclusion of 20.8 % of the data from the intermediate L2 speakers, 7.8 % of the data from the advanced L2 speakers and 4.4 % of the data from the English native speakers. Furthermore, all reading times less than 100 ms and greater than 6000 ms were excluded from analysis (10 cases) and for each condition within each participant group, reading times greater than 2.5 standard deviations were excluded. These data trims led to the exclusion of an additional 2.7 % of the intermediate L2 speaker data, 3.1 % of the advanced L2 speaker data and 2.1 % of the English native speaker data. Mean reading times for the critical region, as well as earlier words in the sentence, are presented in Table 3 .
The reading time data were analyzed using hierarchical linear modeling (HLM). Advantages of HLM over more traditional ANOVA analyses include the ability to account for both participant and item variance simultaneously, eliminating the need for separate by-participant and by-item analyses (Baayen et al. 2008; Quené and van den Bergh 2008) . Additionally, HLM does not require one to aggregate reading times across trials, nor does it require an equal number of observations for each individual (Baayen et al. 2008; Quené and van den Bergh 2008) . These advantages are magnified when dealing with L2 data where lower accuracy rates may lead to the exclusion of a greater proportion of reading time data than comparable monolingual studies. All models were estimated using restricted maximum likelihood. For both the critical region and the subsequent word, the results presented in Table 4 represent the best-fit model using the likelihood ratio statistic (χ 2 deviance ) to compare the −2 restricted log likelihood values of preliminary versions of the model (Hoffman and Rovine 2007; Quené and van den Bergh 2008) .
In the mixed-effect model, Extraction Type (subject-extraction vs. objectextraction) was entered as a fixed effect. The three-way factor of Group (intermediate L2 speakers vs. advanced L2 speakers vs. English native speakers) was recoded into two dummy variables and entered as fixed effects. Both participants and items were entered as random effects.
As seen in Table 4 , at both the critical region and the word immediately following the critical region there was a significant effect for Intermediate L2 speakers (Group2) but no significant effect for Advanced L2 speakers (Group1), indicating that the English native speakers were significantly faster overall than the intermediate L2 speakers but that there was no significant difference in overall reading speed between the English native speakers and the advanced L2 speakers. At the critical region there was also an effect for Extraction Type, with longer estimated reading times on subject-extractions relative to object- Estimates are the restricted maximum likelihood. "Group1" and "Group2" refer to participant group (intermediate L2 speakers vs. advanced L2 speakers vs. English native speakers). "Ext. type" refers to extraction type (subject-extraction vs. object-extraction). * p < .05 ** p < .01 **** p < .0001
extractions. Critically, there was a significant interaction between Intermediate L2 speakers (Group2) and Extraction Type at the critical region. To illustrate the significant Intermediate L2 speaker × Extraction Type interaction, Figure 1 displays the estimated mean reading times at the critical region for subjectextractions and object-extractions as a function of participant group. As illustrated in Figure 1 , the intermediate L2 speakers exhibit a large difference in reading times between subject-and object-extractions, whereas the advanced L2 speakers and the English native speakers show no differences in reading times between subject-and object-extractions.
3.2.1. Secondary analysis. The initial analysis of the reading time data revealed that the intermediate high school L2 speakers exhibited longer reading times on subject-extractions than object-extractions at the critical region. However, grouping the L2 participants according to education level introduced a certain degree of arbitrariness into this analysis, treating L2 proficiency as a categorical variable rather than more accurately representing this factor as a continuous variable. This point is underscored by participants' self-ratings of L2 proficiency and their scores on the Llex English proficiency task: Even though the mean self-ratings and Llex proficiency scores differed between the two L2 participant groups, there were high-school level participants who rated Figure 1 . Estimated reading times in milliseconds for critical region (words 5-7) for all three participant groups themselves and achieved Llex scores within the range of the university-level participants and vice versa (see Table 1 ). To address this shortcoming, a second set of HLM analyses were conducted on the reading time data from just the two L2 participant groups. As in the initial analyses, L2 Participant Group (high school vs. university) and Extraction Type (subject-extraction vs. objectextraction) were entered as fixed effects. L2 English proficiency was also entered as a fixed effect. L2 Proficiency was defined by participants' raw score on the Llex test (with 0 and 100 being the minimum and maximum scores, respectively), which was then centered at the sample mean of 77.59 (Hoffman and Rovine 2007; Kreft et al. 2007 ). Admittedly, the Llex test only measured participants' lexical knowledge of English and not their understanding of English grammar per se. However, there was a significant positive correlation between participants' Llex scores and their judgment accuracy rates on both the experimental items (R 2 = .393, p = .002) and the filler items (R 2 = .682, p < .001). 7 As in the initial analyses, participants and items were entered as random effects. The 3-way interaction between L2 Participant Group, L2 Proficiency and Extraction Type did not significantly improve the fit of the model and, therefore, was removed from both models (all ps > .4). In the final models for each 7. There was also a significant positive correlation between participants' age and L2 proficiency, as measured by the Llex test (R 2 = .599, p < .001). Therefore, an additional HLM analysis was run including Age, L2 Proficiency and Extraction Type as fixed effects. This analysis revealed no main effect for Age or significant interaction between Age and any other variable (all ps > .4), while the interaction between L2 Proficiency and Extraction Type remained significant (p = .038). While this does not rule out the possibility that age was an additional factor influencing how the L2 participants processed the target sentences, it suggests that age was not the only factor influencing the L2 participants' performance on the self-paced reading task. region, reported in Table 5 , there was a significant effect for L2 Participant Group at the critical region that approached significance on the word following the critical region because the intermediate high-school participants were slower overall than the advanced university participants. While there was no significant interaction between Group and L2 Proficiency or Group and Extraction Type, there was a significant interaction between L2 Proficiency and Extraction Type.
To illustrate the significant L2 Proficiency x Extraction Type interaction, Figure 2 displays the estimated mean reading times at the critical region for subject-extractions and object-extractions as a function of L2 proficiency. In Figure 2 , high and low L2 proficiency represent one standard deviation above and below the centered mean. Thus, low L2 proficiency represents estimated reading times from the less-proficient L2 participants and high L2 proficiency represents the estimated mean reading times from the more-proficient L2 participants. The overall pattern shows that the difference in reading times be- tween subject-and object-extractions diminishes with increased L2 proficiency, paralleling the reading time patterns for subject-and object-extractions found in the original analyses comparing all three participant groups to each other. Importantly, this interaction between L2 proficiency and extraction type appeared even when L2 participant group was simultaneously entered as a factor in the model, suggesting that the differences in the reading time patterns in the original analyses were driven less by whether participants were in high school or at the university per se, but rather L2 English proficiency.
General discussion
To summarize the major findings, the analysis of the reading time data revealed that English native speakers do not necessarily exhibit measureable signs of online reanalysis when reading subject-versus object-extractions in English, as there was no significant difference in reading times at the complement clause as a function of extraction type. Similarly, the advanced Dutch-English L2 speakers did not exhibit any significant difference in reading times at the disambiguating complement clause. However, the intermediate Dutch-English L2 speakers did exhibit the predicted processing asymmetry on subject-versus object-extractions in their reading times at the disambiguating complement clause, similar to earlier L2 studies involving the same type of sentences (Dussias and Piñar 2010; Juffs 2005; Juffs and Harrington 1995) . Secondary analyses indicated that this processing asymmetry is best explained by L2 proficiency, as opposed to education level per se.
Turning first to the results from the intermediate Dutch-English L2 speakers, their on-line reading times at the disambiguating region show that they had greater difficulty processing subject-extractions than object-extractions when reading L2 English sentences. These results parallel previously reported processing asymmetries found among L2 speakers of English (Dussias and Piñar 2010; Juffs 2005; Juffs and Harrington 1995) , suggesting that the less-proficient Dutch-English L2 speakers suffered some sort of processing breakdown when reading the target sentences. One possible explanation for the intermediate L2 speakers' increased processing costs on subject-extractions is that they had difficulty re-assigning thematic roles to the wh-phrase upon discovering that who was the subject of the complement clause rather than the direct object of the main clause, whereas no such thematic role re-assignment was necessary on object-extractions (see Dussias and Piñar 2010; Juffs and Harrington 1995) . Alternatively, the longer reading times on subject-extractions than object-extractions at the complement clause may have arisen from processing two adjacent finite verbs in the subject-extraction condition (see Juffs 2005) . Although the present findings cannot adjudicate between these alternative explanations, the fact that a processing asymmetry between subject-and objectextractions appeared in their on-line results suggests that these intermediate L2 speakers actively searched for a way to integrate the initial wh-phrase into the target sentences, similar to findings from previous studies involving both native and highly proficient L2 speakers (e.g., Dussias and Piñar 2010; Jackson and Dussias 2009; Juffs 2005; Juffs and Harrington 1995; Williams 2006; Williams et al. 2001) .
At the same time, one must be cautious in interpreting the present findings as evidence that the intermediate L2 speakers necessarily adopted a structurallybased gap-filling strategy when processing the target sentences. For example, their longer reading times at the complement clause on subject-extractions could reflect more generalized difficulties associated with integrating the whphrase who with its subcategorizing verb, rather than difficulties stemming from syntactic reanalysis per se (e.g., Clahsen and Felser 2006; Marinis et al. 2005; Roberts and Felser 2007) . Nevertheless, these findings suggest that even less-proficient L2 speakers process L2 input in an incremental manner and, as a result, can exhibit on-line garden path effects when such processing is disrupted.
In contrast to the results from the intermediate Dutch-English L2 speakers, no such processing asymmetries appeared in the analysis of the reading time data from the advanced Dutch-English L2 speakers or the English native speakers. There was also no statistical difference in grammaticality judgment accuracy on either the target wh-extractions or the filler items between the advanced Dutch-English L2 speakers and the English native speakers. Further, at least at the descriptive level, the advanced Dutch-English L2 speakers' reading times at both the critical region and on segments prior to the critical region were numerically faster than the English native speakers. One cannot assume that because the advanced Dutch-English L2 speakers did not differ from the English native speakers in their reading times according to extraction type or in their overall reading speed, that they necessarily processed the target sentences in the same manner as the English native speakers. Nevertheless, the present results do suggest that whatever the source of the processing difficulties among the intermediate Dutch-English L2 speakers, it did not impose a large enough burden upon the advanced Dutch-English L2 speakers or the English native speakers to result in a parallel increase in reading times or decrease in grammaticality judgment accuracy on subject-extraction sentences, similar to results reported by Juffs and Harrington (1995) for English native speakers.
Taken together, the results indicate that, akin to previous studies (Dussias and Piñar 2010; Juffs 2005; Juffs and Harrington 1995) , there are real processing costs associated with this type of wh-question in English, as evidenced by the on-line results from the intermediate Dutch-English L2 speakers. However, as demonstrated by the results from the advanced L2 speakers, L2 speakers can overcome such difficulties, leading to on-line reading times that do not reveal measurable processing costs for this type of construction. At the same time, due to word order differences in the disambiguating complement clause (e.g., . . . met the tourists vs. . . . the tourists met), it is impossible to capture participants' word-by-word processing of subject-versus object-extractions in the present study, as such an analysis would require making direct comparisons across word classes. Therefore, future work comparing on-line processing among intermediate and advanced L2 speakers should investigate other types of whdependencies or filler-gap constructions, perhaps relying on a more sensitive measure of on-line processing, such as eye-tracking or event-related potentials (ERP) (e.g., Osterhout et al. 2006; Tokowicz and MacWhinney 2005) . Doing so could help to determine the precise locus of the observed processing difficulties among intermediate L2 speakers in the present study, as well as uncover more subtle ways in which filler-gap constructions may impose measurable processing costs among more advanced L2 speakers and native speakers.
Conclusion
By examining how both advanced and intermediate Dutch-English L2 speakers parse wh-questions in English, the present study underscores the importance of considering proficiency level as a factor influencing on-line processing among L2 speakers. The reading times among the intermediate Dutch-English L2 speakers parallel previous studies that have found on-line processing difficulties for subject-extractions among L2 speakers (Dussias and Piñar 2010; Juffs 2005; Juffs and Harrington 1995) . Similar to conclusions drawn by Dekydtspotter et al. (2008) , this suggests that even less-proficient L2 speakers will attempt to piece together and integrate sentential arguments in an incremental manner when reading L2 sentences, leading to increased reading times when such processing breaks down because later input does not match initial expectations. At the same time, the lack of significant reanalysis effects among the advanced Dutch-English L2 speakers and the English native speakers highlights that this type of on-line reanalysis need not always be costly (see also Pickering and Traxler 2001; Staub 2007) . As such, the reading time results from the advanced Dutch-English L2 speakers, combined with their high level of judgment accuracy on both the target sentences and on the filler items, demonstrate that at least under certain circumstances, L2 speakers -both off-line and on-line -can functionally behave like native speakers of a language. When taken together, the present findings highlight the importance of investigating how both less-and more-proficient L2 speakers process particular constructions in their non-native language, as findings from each end of the L2 proficiency spectrum can complement each other and help provide a more detailed picture of how L2 speakers process and interpret L2 input in real time. Dependent clause; subject-verb order (grammatical in English; ungrammatical in Dutch) 3. I know that the boy has read the assignment. Dependent clause; verb-final (ungrammatical in English; grammatical in Dutch) 4. *It is tiring that we every day to school must go.
The effects of L2 proficiency level on the processing of wh-questions 217
Split prepositions (grammatical in English; ungrammatical in Dutch) 5.
Who did the child point to in the museum? Particle verb; word order (ungrammatical in English; grammatical in Dutch) 6. *The teenagers go every Saturday out. Particle verb; incorrect particle (ungrammatical in English; ungrammatical in Dutch) 7. *The thief ate back the banana because he was hungry.
